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IRTR®nu€TIoav  *«a  THE  pROELrm
I.      INTRODUCTION
Poly.pronylene.  aa with soa=pr ®bhar  polymer  syetoue,
8®r'v®e  ae  the  b&SLS  for  Sh¢  produetlon  qf  ¢®rraln rmoLded
enrsl€l®.  and  €er$1LeS  or  €oneldB"bLg  carmierclal  lmportence.
It  iS well  knorm that  the uechanlcal  and  my81cal  propertlea
®f  theB®  cotrmerolal  1t¢me  Sz+e  lntlREtely  relae®&  to  the
particular phyal¢al  €truetu=+e  of the  polgrmer and  that  the
phy&i€al  Stz'uetu=.e  1S  in  turn refiect8d  try the cryStelllne
order  of  the  varlou&  pol]m®r medBculee.
11.      T#E   Pf£OELff\1
¥±±±±¥e±£ 9£ EEjg E=gE±£ae;.    £& "ce  the  puxpo.a  of  thle
GSudF to  prepare  films  trf pal]rproFTlane  polymer  aepr`e&enting
a rdd®  d®n¢itgr mnge,  to  ln:tra€elg&t8  the  ±nf"redr  epectr`m
of polypropylens  ae  a  function  or  tamper+allure,  and  €o  devl8®
a aethod  for ctzrrelatlng the  Spe¢1fic volune8,  a cryatelllulty
dependent  pa"neSSr,  of pol]rprop3rlene  fllma With  the  inten-
B±tl€G ¢f ¢erteln Cry.eallins  aeneltive  &bsorp$1ou bands
fround  in  the  lnfr"+ed €pect" Qf the fnRE.
Eaepg¥gg§g # Eifeg probLen.    hany  Of  chS  opermtlrma  ueed
ln  the  f&bFlcation  3f la¢1ded  and  te2etLl¢  aar*i#1fiS  thoni
2
p®1ypropyleno  lnvolv®  aft®rulewhanl€el  and  therml  treatuent€ *
Such  tre&tznentB'  are  d®81giv®d  te modify  the  fBeehanical  and
physical  propertdeG  in  eueh a way  that  the  flREl  ar-tlc&e will
poG3esb  tlealmbl®  chamct¢rl&tlc€*    `rh®ffe  ffi®dlfl¢&€1one  find
their ftxpla"tlon ln €hang®8  i»  tfaS  Etrustural  elee®ntB of
the  polysrj  hence,  the  m€a3AVeysent  ®f  the  degr®®  Of  czy€tal~
llnity  in  the  prl§rusr'1€  SyBtem  LB  ®r prime  lxportan€e.
¢HAFTHR  11
REVIEw  cF  "iE  LITHmApunE
CHARASTEF*ISTIS   FREFARATI©EN   0F
sTEfeffiSmffiGulrfupt   PSL¥PR#PELENE
Stereoregrrfuar  peiypr®pgrlene  is  a  vinFi  t`fpe*  high
p®1yser  ppepaned  by  the  pGlsrmeriEatiou  of  propgrleng with
the  aid  Qf  a  G&talgr§b  obtained  by miaEimg  a  eataftyti¢  heavy
met&i  ¢ompermdS  sash  as  titanium tetrachloride,  and a  eata-
lyti±G  ffieEal  alkgri  cQffip®und,  such  as  alutnuri *riettryl,  in a
s®1venS  inert  i;a  the  pelgrrmer*  such  as  a  saSuratad  aiiphatic
hydrocarfa®m.    Po13r!nerizatien  ±§  effeet©d  by  heating  the
mifeture   {9}{i4j.
£1*      Pgt¥§IGAL  STRUSTtffiH  QF  FO&¥P9ZSPELENE
The  pinysi¢al  sSruetur.S  of  ster©or©gutar  H®1ypronyiene
is  SofiB±rier©d  to  be  the  c®nwemtiSnai  two  phase  Order-disorder
§ferueturs.    In  this  strusbiir'e  the  ¢h&im m®lecul©s  aligrl
€hemselves  with  respe€b  t®  ene  another  imtio  a  thz'ee  dlmen©ien-
ally  Qrder©d  gt#ueunr+a  ovegr  ee#fia±n  apea®*  refegrred  to  as  the
crgrsball&ne  r®giens  Brffi©  pol]rmer.    1"  ®tner  regions,  the
an®ppin®u@  regiens*  no  aligr±meffi  Qeeurs  and  €ampl@te  diGordS#
erfi§SB.     H3he  phy&i€al  prQper$1es  ape,  therer®re,  in€eFpz.e€ed
fn  a¢c®rdance with  this  two  phase  artierndis®Fdef  SysSen.    For
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exaxpleS  thawing  and  armealing  treaS"enfes  bend  t®  atxpffienb  tihe
¢rystelline  #eg±ens  sG  &s  to  ifi€rease  the  €rystallftyitier  ®f
the  p®lyser®    tin  the  other hand,  rapid  quefiehing  tends  t®
decrease  thag  ¢rysballine  areas  andS  #hu@,  im€grease  tfae
an®*ph®u8  areas  ®f  She  p®15rmer.
From x-ray  di£#raSSion  regthts,  REa*ta  anife  Gffrr&tlini  {1©)
f#innd  that  stersgrsgril&F  pol]rpr®givlen©  conbain€d  fe®th
cnyg5tchi±ne  and  am®xphous  regieng.     Howev©FT,  aftsp  ©rfe#&¢bimg
the  palgrpropgritBmea  H-r&gr  tiat&  showed  the  €th©¥  and  hgptane
i"s®itibie  f#aE}tion SG tie  hithly #rystalline having ehain
mQleethes with hiifi  regularity ®£  sbrustiure  and  the  &eeSone
±ffisalwhle,   e€h©r  aSirfeie  frasbion  b®  foe  armrg!h®us®     The
Fest*l¢ing  crystalline  St¥.ue*ur®*  Eermed  isSta€t±c,  ±s  tlep±¢ted
3m  Flgun@  1*    Natta  and  €®Itradini  {11}  paepesed  a  Crystal  unit
cell  £`Sr  the  isStEL€t±€  p3Lypiropylene  which was  mam®clini€  andi
#®mS&ined  tw©lrye  rm®nGmeri#  uniSg5*     The  ¢al¢ulati®H  ef  the
densfiSy  fr.en thiE}  Cell  g&veeG  ffi  value  qf  ®.936  g/€c  fen  #ha
€®mpletel¥  crgrs*aliine  polypropRTlen©  as  eomgarsfi  t®  the
diensity  of  S.85®  a/#c  eaife"FolaS©d  for  the  amoxphoue  polypro-
pylefi©   {10}{13}€
¥I¥.     sTun£BS  ®F  "E  BARIB  .4SSI#aRE"RETS  FSn
roL¥PELBPELREREE  I!gFff.Area  Spas€rmA
ENunerous  Eitudle@  have  been  rs±ade  e®m€€ariimg  the  iae£Far'etl
sp©€tra  ®f  p81ypropFlen©*  and  en©  ®£  the  rsa5®ms  for.  Shese
I_
6
StutiBS  ts  reflice¢d fry  anindenls  {an}  ai¢i±:Lt€rmic,  bpo1SrprLqpy-
L©ne  ts  pehably the  po]praer €ha:#  Bhoco  eta  aeat  strllrfunLg
¢rErsealldrLaey  ®£f®ceS  in €ha  lnfrarod  8pectmE:*tt    ire \tr i:unaei
that  tiro Specemm Of  a  8caaoregrilar or hENF  cr.]r.]are£L]il]ne
prixprmgivraae  aaapl®  ts "#laediy difftaeut  th ¢lca Hrolten
gtrSe  than  in the  calltl -a&aes  &8 veg  afroun try a nurfeer elf
lzrtreselgatbenS  &1} {3}{5} {S}{16}tl8}.    out  Of  €hase  3€utl®8
ham  chcom a .renarhabl® dlaappeananee  in  esftain  drrfurared
bands as a  tteescoagr&ar ce REchlsr  Cr3Fsealllne  polsrmapqrlerve
eaxpLe  ts  hB&ted ee  ae"  texpena€ur`as.    The  mce€  rferfuBfafqg  of
€ha  tend dlraappcaranesg o¢ours  edleh the se#her'  SnaErp €snd
n;l€;bay  absmaichlng  cO9  ee-I  ,   #fu3   givH-I *   9cO  cF£-t*  and  10cO   ci.,1-`
baflds  found  in  fnfrarmid  apectr&  ef  Bt&reertegrilar  and hlffiiry
eayifeallrfug  pel-jrproFTle!fles  at  z`oen t®xperaouzles *
Aifel±ough,  due  ta  ±ncermuem  *esolceton and eszrar
facears.  cha  hands  1ndeacati uy Cn¢  va='deun  anvesS±gatone are
net  ee=actLy chro  cane  fro  &H  caBe8  fee  trfa  apret&11fro,
aanCixp!mng*  and  colt©n  polsrpxpxprl®ee8*  €bey  ar'e  seldom unro
tl'ran  5  trace  mrfeeae  Out  Of  agiv®man¢.    The ban4e  as  *ndesod
ty the  inar.tour  fuire#Sifeaepe  {l} tsI {9} (19}  may,  tharsfeniB,
ha  f#FTlgr fa¢ourat`€1F  gurmariseti*    lLqor'  qurgivalline  pelgrpro--
pgrlerma  the  mcoe  ixpndeade  lnfuaaveri  hands  are  fo`md &t aBwhife
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¥
rm!ff  mars  grrm#asaesS  fiThifetl  thn!aeae  trrame:Fife  fro  q:;a::E*9  ffpest;a[:rife  ck
aeEfase  prHEqupRT&ffimffi  #iffing?asffi  esen#  ffi#  ffifersRE#  #ha  ifeffi€rm¢:&ifaEg
"maREREffibe   {ffltS -I I *
125t: ||i;E.
£ty*ifeRE  Of  #ha  nnaetica  fine  wdetr  cai#al  ha#RE  SSE!::ae&  th  faife  ffiS&RE
pe&ffirtiaffi##  ifema"'*  ife*  ##ffi  ffi-`*   RE¥#  RE-I *   Elm   en ~' A   ¢S!!:za:fr
RTfr  ffl-I ha&seife  REaffibife  rty#ife®  REseng   ire  Gifefa  RE1#®ffi  #esiit!IiapEL#*      ¥be
hffintl#  ifeun&  ire  *ifee  fflffifingifeng  grchrmrmpr&®se   fii®aeEgr  a;!ea#i!::t&£ffiFEL
feiRE©  #ffi3ffiti  ife  &nife  anfiELifes#  cainifesifefln*  #mlrm:sca#*
av*     #RE#ffi##Sf urEf  #ffias¢rmrsevLSRTS  ar
ENkRERERERE
ffi*ermfiffi  ,raffififirmEffizi! rfufirm
fifeifethes¢*   #'Bmag%dr±#±*   ae[ti   ifeBaae   *ife#   asffii¥eeaSgiffist  ffi   qgatiLffifi£*
ifeife£;"  iife¢ieanti#rsfa±fiasi  as#  pthangveng§ffiaeaeffi   eysneesaialfrs±:##*  iAffifaegr
so.iimi&gr  riffi:ifefi¢      ffife!es   #esEar##fimrfufxp  #ifeanitl  fe!ifetiaecaue  #ifeica   ti#ENab#*iceth
fifetimae&ifeaF  ¢#  ifeife   esftyifefima*ffia   aptiifefrm  icaff  #thi®   ffnapdim  ama#  ti¥:iira!
ouffi  di  #fam#   fro  €ifees   ffimafaffifi"aees  XPRE;*idm  iamft  ¢ina#  !ftf  tiifese





iiifeffimffi  E#  ts  #ife   enmamaitta5tl  &£ffiELceesti  tim#raae#£fty  dy#  ¥fro
#ngFifeca±ELaaeee  aabffi#,  ThE#:ifefa  a  #ffifeackm  amar±#rfe#  rfute"l*   fu  fa
\#BRE   serm!nffi®ti  REifeifea¢ffi  froifeREife#  \ffiff  ffi®  ffiaeiiigiv#tivees  favifefa¢mi
8
1n &n angiahar  inbemal,  and  K  fe  a  oourfeant tedfen  se  unity
ln  €hl®  decermina€1ert*    €hagrrm  ¢€  al*  {16}  "psoted  *hha
d®Senmfroae±an rd€h aetl&fact¢ny aeoults ,
ffiag*g]S¥  ftacarmtnfi*_i..g¥
thfprm  ch  #1*  {1S}   esloulfited the  palm  ¢cafe  cserstal-
linlty  {b]r imlgife}  frozn de*±gifey  dse®rmlrmSfrons  earled out
th an cthama![/wm€en `fia"1ty  gr€idleife tube*    "ra:  ifel,enfatlomt
af  cryrfealllnitfo8 eese baLaed un gsa€tetg flgrianca  far €h€
dsnsi¢y  Of  esngl¢#dry  acaexpfaoua  and  cous?1®coth¥  rs:r5rmtijfallin®
pthrmp„ae`
± Hdimmiinfi**± rm
&+rmerial  infrared mathed#  ef dseeErmlrfung  Sha  cr3raeal-
lfulty  Of  pol3rprqffith.aes  halve  been developedf  henmav®r*  ttr€ue
fifaB  been  rmue  general  lactc  Of &graeasenfo  &S  co  the  b®se  ae¢hod,
Althougiv  all  ¢f th* REo€hade  ®rfenfl  the  tree  elf abaerfuunes
rmttca  af one  £]rpe  ur encther,  the  *&€haas  lr@r3r tram  one
±rmreat±estor  ¢ie  €ha  ness+
fro®  Of the  ffirife  infrgre&  &pproaewham  te  pnl]rprogivl®ne
cqracallin±ty  maLiRenp®miarfe®  ime  drma  ky  i3®1nen  {6} +     ire
selected the  &46  es-` Aim  oui-I  ¢haee8hanca  ra*1a $3  hla
mesoure  af po,1ypropqrlema!  qurfealllnl*ies.    ire haeed  EL®
fmal®cei¢n ®f this  zraS±o  ¢n  lnfrara& fa"idla8  fu ichleh the  ratio
deeressed  a8  a  ft&meeien  ®f  intit"elng  tenpesgr&turm©.    £#iai"anse
Off  Shei  Bhmilfler band  aa&o€faterd  whfide  *hs  Lath  ce-I   £nfuared
9
haamfi,  fr"angS  {#}   sea:tiaid  tth*  {teth®n*s  *a*iS  #inasirt;  fro  tased  ut*h
Ouu#ias,
th  RA#  REutife!S*  ff"der  E#}  ffii¢cte&  birm  S*5¥ nd3.fifty
fafty8esfaifenee  "tifro  `fro  fflRAirur±fig  peaxpneqpgELffiRE  Gftygivaninifebeffi,
*EL¥  z"£be  ¢mas  hafi®d  ffi  &€esgiv&m:g  ti!acaE  IC*Sfty  tiia:I:s#  rfuti  a  i±:!rmav
ancaLmme  Of  ife&  deRE*#gr..rtmfdirm®sS  peeidi:Life  a#al  bbe  &.#P#  faouraa
&S  en  hacFhas±€  rmcatitxpca  ¢i#  fake  ±gee=eisifeF  ¢f  tthra  faes  masin*
AThen£&  fihatr  rmife  frorml#±mg  tihs  Htsife±ng  bichd*ir=ln#  x*£
pr&xp#xp§rl&ae€  #tres  #mfi  ¥cr±raffi±esanm  1£&   atatrd  ifeS  Sha
i®RE  carl/RE6  ffi-I  afrserfuanes  setife  ¢#thth b®  iREed fag  a  "ha*
¢£ve  neasta#ex  es  pefigrpap]rhama  tgrfrRE:allEmatF.     Schiosevai#,  h*flrmngg
asatl  ifeREou  *T}  ha"  staife¢  fiinfi:#  #fals  acacfro  ls  .T*th  ca  ae&Etrma
as  €ha  grnREgivfroas  quma€a£&fu±fty*    ifece faELS  saise¢  asulgr tiqir.
S&ife  anck  Efingife",  *ife  ffiS  #`&ffi!apcaraa  Sha*  #ha  ELys  ife-'#l#S  ffi-I
#Thsegivenes  rm#in  irfutl  tats  a  peasife*S  mffiaeffi=#G  ti#  xpeExpro]gigivfiiRE
##REihaifeSee*
Schn®11  £ fi¥}   an*gripesifeti  #ha#  &faar  ifehafairmff!rip  ife€esen
tiRE  ahBtrbaeesffi  rf ftyife  fflkl  en-` fred #ife  seS  ca-I   £mfrffiradi
thca*ds  i S  #  cairsam#c  es ch®  ffiftyflunful€y  ¢#  pthREgrlony&aeffl*
Froas#  t&j   ftyg*ff#®ck  ¥ixp  use  #ff  i;&an  as±ife#1caffin±?£
# ngffifeENS# =   RE -  #1.fe I
edseaniB  ,&£lS*®3pe}   £a' tiha  ats5ifeffice  giv  €EL®  fipseallha®  S©rREfibi"
h€:gnd#  ft€fiS*ap[&}   ±fi  tire drarfeiance  at  the  £n#¢irmal  atiandr#d,
A{1ff*aepr}   ±S ire  &froSrfuREev  Q#  &ife  haS!sgrcormti*  and  lc9  and
10
31*4  an®  #ffia€tigrS  tth&rfu  giv#a  the  esir#"mhat*gr  fie  ffi  pieegr  San**
tie  ffi  gcofl  rmsiferd  fee  chifefmfasg±  eyriifeffil£haifel®S  ff@ar  pe£Fparefty
pylen®  ifeerft  infrasrstl deS&.
g#ffi  rmffiti  #ifeiarsR*ffi  drtsife®ck  #ppeeffi#is  Sgiv  FTgivpeev&®m®
egrsrrfe¢RELfi#:HSF  es®ffigtaaveFusamB  seened  #¢  b®  Sife*  ¢#  Sngflse  e#  &1 +
{Efi} *      €ifeife   fros®RE£   E*ifemiEffi#th  hesx±tl   ict&caBari  rm®   ffi&   ±S*fty£*   ants
#Fife  xpifefaEfm®  se#$1€£va  bffirmfi®  thceen  i¢iam®  ae  1S*fi3ys*  ±l*fty*
end  RE*3fty*     :ffift¢£#ap±ffitl  REtias5  ecama  aeifees®tl  #¢ar  tire  ffca:±**
trREtiB  ffizrd  *be  &bstrarfeav±ee  pifeti&SS  iica#S   ®es#&*l&®tr®&*      Thdr  ffifaGorth
bifefiee  REs fa  un®ife  deer  ffiffi  lS*S9pr  &mck  li*ftyi  iesvy®es&££rm¢
ti®neES£¥!ca  tiffimfia   RE#
enitxE  #ha   ##¢de   #iE]ar*  Sfaa   f ffi*3fty*  ifearmd   REa*




1*     EUL£L  roLRTffiop¥LEt\]'£  3AI:anfis
Foftymsrs or Stemorog#iha# patrypegivlen®,  !rig€en-1u
and  `E8con-rag  pr&]FTniar  grades  sLxpplled  try  the  Hdyasr  €hach*
cat  €oxpany*  fao-ra±[ $581 grads  Of pol]mer "pplbed by
Sha  i}taroul®g  Ped®r CaBxp,  and higiv  and  low den$1ty
th¢tlon& giv€ainad by the  Sesthl®€  ®seract±ca ¢f €fro thpca
poly"ar grades  ti#;*Zi  ¢¢rmera±al grades  Of  &eetone,  dlsehse
8tlrar.  and a-hapeane*  ueae used  fro ¢ha preperatlon or ene
fflma ffagiv #hde \seuty*    The  phFTlcal  HppehaE for  the
€b8©  petryprogivbeRE  gr&deB  are  Lfated  fro Table  1*
1I.     FREPAR#TIO;€/`  cF  roLffiELap'ELEERE  Fmj¢£
FllmB fuachng dlfterEse  d®ael€fa8 and thl¢lffi©aaes
core  pepar®d  fulRE the "fite poqrpeffirlone  try}r  hat  pre8elqg
in a model  ae-#Ou*£,  th]Bmar mifel&nglcal  pessB and
ha¢er- using various  ¢inaetone Of esxpenacune*  prco8up®f
and tine.    esfrop rantEft sere  pep\ared under martoun  nel#-
1ng,  drardng,  and  quenon±ng  ¢on#+ttonE  ca2 he&Ced  glae8
chat®g.    th addfrotoR.  film. veae peparsd bar caatlng hat
rylen® and .begivars  Solutitne af the bulk pelFTragiven&
on ghag8  phaeeB  g¢11oREd tip the  ouapoma¢1on ®f the  selvunt*
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Thffi  Bpe€#£€  eefltlitirma  iBfffi?1vyed  fn €ha  rmpaet±irms  ®f
#ha  verfoua  rmlRES  mare  grca3soveei±  in  itafolsa  E±,  ¥II*  i::!a!*tl
ev*
I¥I*     Eiifees8#¥  nRTffiRE*#"3#tREREffi  er  Eire  arm;sg   F¢ife¥rmerrmRERE
thane   TERN   REpfiEeH=av   FELi^'`ffi
Thai   ifeREfis&@&*   ffi€   ¥ife®*#o¥*   ica#  tifaLfa  arfty£A:eLan  ;;pr:±1F"
grapgrla"c  ate  Stsff  pmapsEaedi  #ELrmffi  erene  mesaenar®tl  fry
ficrfest±¢n  a=cefi  dffin#ife#  grmdigiv"S  Eso*tiiffi&ti  ea#£®ti  mu#  ha  a
ifehaREREgivgives*©fi  rsa#aeffim#  #®xpcaarffi*:rams  iREtiae  faffiife*,
££se!aeae±¥£m±H£E  #ifefi  ¥rsife±±ifeflrm  iifeifeifese:E
ff fan  ffi,rfeffitimaL  enia€thfrtl  iasELlrs  gresnffarmses&  ky3F  ffi##ife
aa€rfethcaELng  EL   rfuibast&rm  fi&rmr®  in#  #sefttae:ife±ifie  fimifrlG!rai=.
rmffiraevasti  irfu±n  a  aed¢1  S¥¥S4*  ader¢&ae  #ife®              ifeneEN*
ftrd  dena±ttgr+   maaaea*affi®tl  try  ¥ffisemaeff  fag  ife  HFrsBgREanife*   ffiS  the
qua±#±faa  ftREngaeREfty®&  aem  ¢tr®  tiamaiSgr  s#ied±:+a#n  thf  usltra"B
timdi   tcffiirfeen  *           ELerfffiffi+     ffi±e  tlas*#  anck  #]raffiaifefmes  meerfuEE#"
*fiirife  fndffrmden*£#ar  ¢ml£faasaife±¢m  m*avRE  ants  giv`rmerai  &n  ¥&fal&  #
ffinia  gr&gra#\iife  &*   ma!¢gr®ee±ve±gra
ffhffi   ffi!ifeasffiaarcauscaife   frff   gries&grgrm¢ipgiv'ffimffi   dffizse£Si.@#  teigr
fi¢i¢aefro"  caas©£iifeisidi  "#as€  tiff  &us®ifeing  ffi  aexmlH  grifeife  Of
faberm  th&1±g  grch"#  aigr  ffi:±#!±  ±ffi*es  ife  ¢®m  tiaib®*   aemifemfim±#ng
eerfuun  tsRE       chife*  "th,±ifeke  eni#  ffi±raae#  fiefaaRly  1£mrmqar¢ae
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FIGURE    2
PLELATIONSHIP   BETWEEN   THE   DENSITIES   AND   THE   REF`RACTIVE
INDICES    OF   TOLUENE   AND    CARBON   TETRACHLORIDE
Sol.UTI0NS   AT   28   i.2°   CENTIGRADE
£1
atlried  ife®pmedias  ee  faha©  €Stt  Srfeti*  tickStr  coseat&wh  se"ng.  anusEL
€be  rfuFgrENgiven¢  3angrfro  &as**£veti  #  rmgifefan  in  Sh®  ¢iae:ifegiv  g[f
Sbe  1&xp*±d  ftraife  de"tl  rm  €anife*±ey  tie  ifeng®  fltr  gre3ife&unL  ffwgr
*±aLicegr  ffi#rm¥#es*     gbe  deRE±fty  ffip  tiha$  1£"ift  ffiS  Str*ma  rs®  ti¢a
*ha  f*anat  ae  thffis  frm  ths  FTfrpeiesm  aeap*®+    ffi®  1±ffi**&  deRE&#£HBes
¢seae  tlse'#aniafafffied  bgr  *seabELm"mes  *SS  REfr&ifeies  frotlrty#  ffun±ueti
try  #!a#a  ua#ife  ifeff  tEife  RTsqgiv#bl&givfttl  icrslfahgrffi#1rm  carmrie.
Hanflife± RE  ife  tiEffi  EEssea±ife¥ £aeee#±aRE.  £ffifr!Eiis
¥ha  tiaeiBifegr  g#ae!diceas*;  caaffi ¢iti  ¢#  deasife#  ria£®mBaEffi3ifeSun
fffim¢ier!#ti  thee  ¢rmffiffi"iREfce  ¢#  ae  di®fflied;es  grRIdi&esife  €*st`®*   i¢mfaifi
famRI#±rm  ®F  tare  C±fa® *   ffirm¢  Cmae   &est*ael  drma±ifegr  mffiffiau#canesemss*
"iae  peffififiraife  #Eife€!  &tiaeifefgr  ire  aha"  Em;  gr&{grz#se  £*     "se
bffiife*  th  REife  #*   esH#thfmflng  faEch  amtl  ien#  ti!©ae.£ftgr  €tlfamami¢ri
¢irarfeom  *ffi*ffitiEL,aca¢ffi  ra±seazan®fi*   asap!iraice&RE&gr*   seesrhca   euifeRE3eee!fi
tigir  fe  sequ  edtia±  rty  fiffigiv  uwlb*     ancm  tl*   ffitlffiffunfty  afei±rmicaa*   ife
iife&iwamar  tiifaa!  rd:fiife  a  Sev.I-"mF  atia'p`caraife  iREari¢tl  &ffiiee  anfaetl
laseith±ti*  tryfr  es±xpbers:±mgr  &givfen*   #¢  ¢n®  ±seasae  fia#ife  ¢#  ife  grfttl#zffife©ifi
giviestl©grff      Thin  fty#fiffidi®#S   tiffi:carfe§r  &rss«:ma#a&&  £m  ffi   t±sffiafaanS   ¥Ear"
gr®Favtaa#©  mai*aar  feceh*   nlffies  fflimdi#  ml±caa  se  #S  ¢¢  gr±se  esaicafe±ae±m
+ausly  titiienRAae#ing  ifeesca*#Sr  i&grespiffi  ffirm  #be  ifets¢ife  #iu  tiELra  €Spk
ck ire givalife+
"a  gresi&*i®tiife  *asha®  iatiRE   ¢m&ifauraeifeti  fry  REicaae  tis  givasiELie
ha[#ifeS  eat  giianise5REi®ma##med  drm#£:fry  iife*wh  seitagivts  ftsve   gr&th*IBte®i#
agiviseifer  li5meEa  ¢carmmaspiraat#mg  te  thca##  asmaifey*     ¥feia  b±utfa
ifeiemaiifes  ramfi  !neariffiaeg*case!#&mgr   grRfaeiffigr  ltitical*fty  ffim©  #*ffiee¢aefica&
st
Z3
in  Table  VI,  and thg  calibr,ation  curve  produced  by this  data
is  plotted  in Figure  4.    The  plot  shous  that  a.  linear  gr.&di©ife
exists,
T¢  meas!ur'®  the  polypropylene  filffi  den3it±es,  a  small
film fragrient  was  inserfeed  just  under the  surface  or the
liquid in the  gradieut ttibe,  and  it  was  allowed to fall
sloTthF  to  a  level  coFT`esponding  to  its  density.    This  required a
short ti#ie,  usually less than fifteen fiiinutes€    Att©r thirty
minutes  the  level  Of *h¢  fiLmt  in the  gr`adient  tube  t^ra,s  n®tedj,
and the  density  rag  obtained  from the  caLibr&bion  curve.
Iv.      mSFRAREn  sruDREs  OF  roLypROpyRE}REi  Fm±'`.'TS
H_raj=rfufbereSferfuarE9ItENORE1®ne
A  film  Of polypropylene,  pr`epared  from hot-pressed
Escon-113.  was  imBarted  into  the  saxple  Compartmerfu  of the
model  IR-7.  Bectrman  infrar`©d  spectraphotometer,    Using  double!
beam  operation  and  appropriate  condiifei¢ns  ®f  chit  pr`ogram,
per.iod,  ga`in,  and  Scarming  speed  thieh  gave  bands  whth  a
high deer.ee  of resolution,  an  infrared absorption  speeerun
firom  600  ¢m-I   to  aeoo  en-I  was  detained  for  the  film  saxple.
EQIREr:OBiriens  ¥ame±as  ¥arsrinB in ¥£±s±±5± er  Thickm±ss  .
The  procedure  de!scribed  for  obtaining  the  speesmrm  Of
a  typical  stereoregular polypropylene  vas  used  to  obtain the
infrare& spectra  for the!  pr'epar`ed  films  which Taried  in
density  and  bnicEengss.    The  sane  proeeduz`e  was,  also,  used
24
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0.940     0.930        0.920     0.910        0.900     0.8900
Density  in  gr`ams  per  milliliter
FIGURE    4
RELATIONSHIP   BETWEEN   I)ENSITY   AND   CYI.INDER
POSITION   FOR   THE   nENSITY   GRADIENT   TUBE
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at
in  ab€aining the  lnfrarG& *pectrs  to a  f£1Efi @er`1®8  Of poly-
pnomrl©ne  having €ha  soae  dgrmitsr  bee  dlffenent  ehlc!ImegSe3.
ffae ifel-rmi.ife ±
Infrared  3pe¢€Itfa  8nr  tli  hat-pr®a6®d #Scon-113  film  &t
irarloua  €®xp®"ture&  ¢mns  ch€a&n8d  uglng  Sha  matl3¢d  &tii
de8cp±hed  fur  *ha  8yplcal  ecapetipegivar  fllfE; ®e€eegiv  rdth  a
Pealcln-rilfHan,  sodel  §-105rfe9E  be&ted  eon  hatlmg pellehad
BodlLtB±  chloride  rdmdmm  and  ut€h  a  thcrme€ougivha  and  taxp®a"-
tuas  rREaourlng  a3senbly  ln G±aso¢fatlo,n with the  in-7RE--
ti*efoue  using  thth  call*  che  th®aean¢englS*S  srfel€rfarF
vese®r rmdingB se*e  cal1b"Sed in dsgr®ea  S¢rfelg"de tlth
glpe®riae mlrfeaaned &t  dlff®matt€  ccoaeath t®xperatszma*.
Table TII and Flgrira  5 give the dets de&1aed ln the  call-
brs€1RE and the  "&ulelng  callbrst&mse  ourira.
¥ha  ¢hlck  and urxpolhahad  aodlum  chloride  ¢dndcare  had
So be rsdresd ln thl¢Ime&e and poliafrod hafoes use utth the
heated  cell.    frrinding ®f tis edmdeee  tlBa  planfro"ed with  a
setll`m a±id then  a  f±ae  Gpede  ®f 8andpaper be giire  a  thlck-
neae  oP appceadlma€oly  25.1  rm*    Thfli  sorraes€  af the  rdndoee
miBre  Sh®n  rougiv paLlahed  ky}r  ti  ae¢airy  aect&en  Of the  tindmca
ca  tllgifetry molseaned liBtigated alARElna  poutar placed  on a
flannel  dicth and then tin dpr attRElrm  on the  ckcth*    ¥be
flue  poll@hlng tae  done by rlzide ellth$1F danpenlng a  ckcan
fta`rmel  chcth and qul¢mF anife'ing the  ¢unface  Of the  ttindenr
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gfiRE   VII
ffiREffiflREREE  ffiani!avRE  ffi!rs  rmrm  ffirmflffiHRES  Off  "E  REffiEN-RE¢an
RE" SREn ckaae "# ¢RERE#REffi   verm#     E
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Meter  readings
FIGURE    5
THE   RELATIONSHIP   BETWEEN   THE   METER   READINGS
OF   THE   PERKIN-EnlER   HEATED   CELL   AND
THE   CENTIGRADE    TEA:PERATURE
se
rdth  lt  and  €EL®  tffi&  f®llosed  &masdla€®1¥ by  "thlflG;  ulSh  a
dry fiarm®l  clash.    FlrmllF.  fih8  ourf&ee  rae  ziibhed ®|Serho,.
rmttilF ca iBry  fiannaL  cloth and thamela+    The  pallahing
prieeedizra  g&v®  aedl"fi  thlorids  t&rfundeeca  vthith  ecaac  caorfeh
and  q]zit®  cran8pgr@n&A
The  beated  can  ca8  pr®par8d bF gLandwhchlng the  polyser
fitri b®€vean tire  pol±ahad rdndeco  separated try a  lfELd  8paeer
Of apppopr±&te  th±cZ€ma&c*    i.3ese,  €ha  eandththas  fanffl  iue  fro-
s®Itad  lrfeo the  hBat®d  cell  &amathly,  ti: nd the  arrtlre
®BsenblSri unit veg  :#l&€®d  into €ha  caaple  tixprtuent  ®f the
i*ectann  Ipty-? epeutroph8toneter*    ¥ha  lntrcEacd givsogivlen
epectm  Of the  file RE"  nbtrAiand at varl®us  cofirfeaul ten-
per&ntursB ranging  trrm+  30°#  €¢*  and ln€|ulfng,  igo°€.
The  1ndwtaired €p®ttm  eer®  seudled  elfith #®Bpect t¢  the
bainds a#®ated by th®  tesparm€ur+e  tr©&tmen¢  1n tarns  of
ahaxpaeae  and  ±!rfe®nBlty  and  thE  ftppaaranee  Of  nen¢ hands,  ±r
#"y*  in Sh®  Bperfera.    &n  abeorbanco  mtl¢  rca  *enar of €h®
esircealllne  as9a&Sifefv®  banfi3  ¢ca&  cat oula€ed  then tlse  ffpeifeas
obcaln®d  at  lnar±ou3 texpnm&turc3*    ¥fue  ab8orb&nes  rmtlQS|c  #
tffis  tlgivfroed  try
i = ffi i
idere  fy a  tmS the  e±qratrlllae  riapendaut hand abearfu&n€€,
¢ffiffigrbes  being  the  83£  co-` ,  84S  ou~\  *  givE  en-t  ,  and  lce2  en-(
bandB§  C)dr  iaiaa "©  b&tiftyund  abodeanes  for the pasiouL&r
cnya¢alllma  haz±d used,  ¢ng¥  fty€-\  ron  the  812  ca+  band  and
30
¥J\££  c#rt~`   ftpr  the  other  t!3nee  h&nd3§  rfup a  rsS  the  abaorbflno®  of
€ha  hand u3Sd  &8  an  iHeer.ant  #t!:ndmrd hrmri,1lxp  ffi~`  1n thi8
in8taneef  and ,a/tr  uns  the  bac!*grcond  ftbporfunca  far thaffi
futorml  @tandaz+d band.  1ae3  RE-\  in  thiS  ease.    TftyS rcatio
unB  dseanlned grSticmaly finz. #1fro8 af  companebl®  den41tF
htife  difftirtG!ife  Shlti±ceLBg©8  and  fsimti t® fas  an  ®ffac€1va  "ethed
for-  near\lF  ®11rsflflmSing a  ehid!aness  varidibl®  frcr:?" the  experl-
asn€al  urts*  thu3,  ire  RE#  BB1®eeSd  fty  uS¢  in  €hlgr  aeernlREt
of the  teonk  88  it  thlSS uns  fRT  uno  fllmB  rangfns;  in  denGifey.
thou the  dfite  coll®ctsd  in chra  ®xpenlmca*al  pco€®dr]ra,
S®xpematuas-&bcerfuanes ,  thl ck"ae-abcechunce ,  and  ap®ctfl€
iroltne-&beicaban¢®  zi©1atlamahlp3  eeae  dsearmihaed fepr  cer€aln
carystfil.1£ee  gaun±$1ve  iseifeaned  absexptlen ban&S *
S¥RTREE!.   rv
RE5ur,¥S   AI`3$  82B€If#¥Iffi£:t   Ggr  E+£aesELTg
=*     ¥#¢Lxp!veprrd`t€¥i  S£RE'sHrss
EEEEERE EEEERE  ,
`1'ha  d®n$1&±.®E  Of the  trre€  fiFfglREl  givl]mropyl©ne
folk  RExpl©ff,  1.¥8con-llj,  `i;S€rm-1£5,  aasfi  ife~fcax $581,  are
&1mn  in  ¥abl®  ¥11£,    ¥be  Pse~f#as 6"  ®rdtitii*S  €ha  h£(;i;}i®9t
flverRE®  &®asaey  calim  at  8.938  |p/ch  &mck  the  i.;&cm-l£5  the
leseat  vxplus  ft€ O.se9  atEL+    Via  ifeaeen-1L3  and  ELo-faec  65Cl
den3i€i®q are  Similar  in Chat €ifei;# "1une are fairly urifrorm
entl  ®1latrfelF  more  tmisoz"  €tsan  Th;a!  3£Bcam-125  deasl€1®S,
EE¥¥¥_xpfiREife
¥&$1®/  rm  l&a€S  €be  fiz9faaned  deesltl®S,  cal€ul&¢ed
8pe€1fi€  aeltas3i¢®*  f&a&nd  hy  €±a±a±z8g  the  se€1pngti¥1  Of  the
denEifels£ *  diestl  eke  ##1oul&€ed  qurseallinifeleg£ ,  found  using
€ha r®labiarfup
;t: xptellhai¢gr  = Px_PcL       -9_ . ,=  x leo
c  ~  Qcl        ex
utifer#  er  ifl  th®  denSifey  eeastaneict  res.  di  aaREpl®  #,  ec    tint
e a.  rna  SS&t"*#  tlB)  den$1ty values  fce.  eexpplus!telF  eryrfe$111rm
and  celaffLpllaife®lF  aREt*xpz"e  polFpronyL®rm,  rsSpeselvely.  far  ¢ha
pol"rSpyl©ne  fllRE  FTepaned under  st  "p±®ty Of  carmdl€1on3.
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dengiSieS  r&nfre  from 0.fa$66 a/I.;1  to 0.935  a/ant.    This  density
range  inould lndlcflte  Chat  fnas  from the  carxpl® bulk  poly-
ipmquqdLeno  can  bo  pmodrced  theougiv  th®  uno  ¢f  Thrloue  ®rfemc-
€ieri.  dlaselutlon,  froatlng.  paeselng,  and  quencti±ng  condifel®as,
which vary greatly tw.  er*faea,Ilinl€y*
II.     roTf¥pg,icpELHf iH   H7FnAR±so  gruDrs&
± SfidErmrm¥&1 fir Ec± arENlarm
FlgunB  6  chose  the  lnfaared  speceruni fur fin ifeenn-113
preeaed film hating a denck€y ef 0.9ae g/inl  and fa thlckeae
Of a.giv  rm*    Th®  REvermE:!b®rs  ron  the  &bsotryfeien  bands  flound
ln €ha  apectmm tqgceber ul€h €ha3rr relative  shaxpaeaeeei  and
1]acenslbl@g  iahsorfeancae}  are  chom  in Table  X.    The  lnfaared
abaormlon bands  fd4mti  ln  €h8  gpectrmffi are  ae<itly  lderfelofil
rdth  thoB¢  found  bgr  ctke®F  imreatlgaeors  {1} {8} {+?I {±¥}.
¥ELifeRE d±
ha Table  frl Sha  ab3arbctriee  "¢i¢g  elf eke  #12  ci:i-` *
843  en-` ,  9C2  ca-I a  €ind  ro02  er::-I   hands  to  the  1±70  Ch;-I
band,  flaear  hactfcaround  &bcorfeaHco€  haire  been  sobtrftee¢ck*
fQr cha  Spectra  or files haTlng the  aam® deaeifey bus  diffgr®rfe
thl¢!measoe ass listed.    fuepeceion of ctrig lnfonmtlrm
Shone tha*  eha  lsean®sesr ratio,  a8  ®st&bliched*  did  nco  change
8igrlficarfely rdfh  ctrang¢g  ln  fl].ri tirdc££ne$8*    IS  appears.
tfrogrefne,  that an  ldeengi€y  ¢our`©ceion for tird¢kneae  differences
ul.  i.,".i .,.,,., `  ,,,I  ..``utL`,`, ".at.nd    t
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can be  effocS®d wittr  o¢nf±dgfic® tryr uglng  an  interml  standard
abacxp¢1en hand.    The  llro  Ch;i-\  infran®d hand  8e¢r#i3  t®  b®
catlefeceory for ch±B  hat®"1  8texrdard.    Ouhaf absorfeanc©
ratlce  using veriou&  1at®rmal  att±ndepd  dhsargiv±en bands  "drlch
have ham  prstlouely  sepout®d  {3} {6) (16} 117}  eiiar©  tried iideh
f&dr agreonent!  hoveven,  the  llio  un ~\  infrared handls
&bserfuance  mlmra  1Sa  b&c£Sground  abaer-hones  &t  lae5  tEL7i -l   when
used a8 the  1"tarml  standard fin conj`moclon whth atihap
&bsarfun¢e bands mimra thalr b&cir+aeunda.  seoura to  give  the
b®de  agraeaeat  tram thadsseca to €mc&ansca.
LLaafty ii-
Ffuzur®s  ?,  Sp  9.  10,  11,  12,  13,  14,  15*  lS*  1¥®  ig:;,
and  19 depict  thee  lnfrar¢d  apectm  ®f &n JBenn-113  fllfi` c§t
_Strma of 3a°,  Boo .  750.  icoo.  iioo .  taco,  iapo.  iueo .
I.goo.  i6o°*  i"°*  ico°.  and  itjro°c,  roapeGSivgly*    Tfro  frfuared
8p®ttre  for the  film at  BOO,  50°.  and  75°S  are  rmauty  ideifei-
cffil eedith re3pece ee €be  &baexp€£en bendst  pcelSione  and  in*¢zp
el€ie8.    At  lce°C  a  zsoae  pmenmmced  change  o€mms  ln ttr®
inf*ared  3p®cefca  of €ha  g®zaple  wltli the  baecoden±mg  Of  ¢®ft&in
band&  anal  the  decdea®igig  Sr  intengltlo8  ®f  eeerfiafro bftttds  to
ame  degr¢®.    Thla  ®If®ct  inerig*aee3,  aemewhat,  up  ¢®  |ae°€*
At  lso°C,  a  n±ar@  ragrld  dcereaae  ha  th®  absoapclm3  af  ¢erteafro
bands  occurs  ln  canjuneeiou  utth  oorifelnued bpcadening bsr aeat:I
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de££rdsfdm  ifef  faifei#  te¥!xp®#&crme  "i#  i2p  1&C ®S*     gies&bl&  gr`qg  chE;
bus=rdff  &fa  &£  RE-t a  #*#  en-`  *  ffif  ffi-\ a  and  ERE  ce-I   wh±th
bseiaeanB  #esckfstiqgrEfi@hafaife  rfumlae8  €th!e  lgivo thiaeo g  #REaeriSfroRE
pe#£nd*     ifees  infficared  xpgiv®  Of  &fro  #fa±!H  ife$  1xpe*  |ffi° *  ±aunffi
±se°€  ianfifcath®S  #drafa  faifeffiae  a#gr  se  ftpapi#!eriel&*1®  tihangev  fffi  tifang!
fifaeeftyfillpm  haancka  tlHgivng  tirfus  pasFfmfi*     ifeife*ied  tocarfeffi  !ifefidr
ftyariesas  fairigr  fnSicpeaeds"as&  ®#  chamgfica  rfu  ifecaa:apen&S&grie   frothwias&
#ife   ffiap   RE -\   faae*ck  uaa!E  ifefi  ag±  *es#irmffii  tith£¢SaPeffi®st   scaffideindr
ire  Strife  SGaAfty.     RES  ffiJf  ffi+ *   ifef  en-`#   givf  ffi~\  *  en:iati
lffl#  ess `\   frthaed  thaniitae  siesar'®i  ffiascag  #ifersae  irfe:£ch  atieen!!adi
fappre€ifebls   ifeangr®  ftytiti2  €@ap®rm&arm  &#fi&RE#£seg  €faedff  &ipiBiis€&tl
ffi&ifem  rfetifi  &incai  qurseffiilEna  tiedar  ed  ffiiB  pelxprmapigivanaE  asanri*
thae8  tiRE#  uffia   ha  fflRE  #zaeasffl#.S  ed  ngarifeHirfuRE¥  ire  pe&gr=xpiaap
ffiFIREi.
9tiLbi¢  %H¥  ed¥es  Ske  :.titoffiesrfers.nee  ##"b£Ci#  gaiar  fa!ae   ffil%  tRTfy-\
Sas   CRA-t  A   sef   en-`   A   REtl  faes#  "¥i`\   £ffifaes#'cad  ftbacaxpifeEaermL  ha:*a!:Ff
a¢  &  ftffiat±en  S#  &aexpasgrcatiRE*  REife  tirfu&  RElatfromckap  ts  chiaiice
gr@pELcathy  Fur  #faae  ffia   ffir\     &ifersieirfefamffi  Fue*giv  fro  F&g§#seilar  ae*
¥'xma±  ifete  anrd  Sbe  pfiat*  th®  grchgrxpuapgr±aeS  #®ia3asus  to  haRT®  a:!rml#ira!ti
ERE  SEL  graaefae±  graprsRE&*  ffis  &fa¢it*#  ±giv° #*     tt±es  RErarm#it#.
fffvym  ifec!i#  tfa£S  aseancane  esf  tifr®  ®b±*idsr  atee  fi#iffiffiaesfafi  ¢ife
&asseutfim«caLffis  at  ch®  3*eycifeRE  matte  fflL#  a  aeesaen*ne  Sf  ¢rmra¢ife!LIELifeS
rgivanHigee  fro  pe&Srgrcfty±alm®*
esfra#  inREREflxpffi:£¢gr&  ifees  #thrmfl  ffifroELffigr  amapen:thte  fu  iffiesiS
±maeffinesS  chcass  griEFaxpftyENE@"®   anrmen®d  Speiee#es  rmaees  ±mmaiiaefig8ffiee€a
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¥ABIE :[11
EFREST  8F  TEDffpmtATURE  oN  scene  oF  HHE  MORE  PRaBmiiENr
mrmAREn  spE3"LAL  "NBs  OF  A  S"nEORE#ELAR
p©LmrtormEHE  FrmE  uSI"G  "H  BEGREmRE  IR-7
SFE¢RE®rmo#o[NHETRE  Are  "E  pREH|ds¥-Emifun
HEATED  SELfi
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Centigrade  temperat,ure  in  degrees
FIGURF.     20
ABsoRBAN¢E   RATlo   oF   THE   812   cM-'   AND   il7o   Cir'
INFRARED    BANDS,    AFTER    BACKGROUND
CORRECTIONS,    AS    A    FUNCTION    0F
TEMPERATUF.E    FOR    THE    ESCON-113
POLYPROPYLENE   F`ILN
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at  VIirious  telaper4.turJ3s   {1) {1`,`,I.     Qtl+'jr   investigators   {1} (:..`}
iiave  rcpottcd  that  the  1170  ci.1-`   band  is  displaceci.  by  ti`ie
1159  c{I'i-'   shoulder  band  indicating  tha`t  the  1159  ci,1-\  is  an
ai'fioaphaus  dependent  band.    I.he  115Cj`  ci;i -I   shoulder  barid, although
difficult  to resolve,  triis found  to, be  preseut  in both the
room temperature  infrared  spectruzii and tile  infrarl3d  spect"If6
tib  190° 'J  for  the  zneltcd  polypropS`'1ene  filfl`,art.d  filo};i  observing
tile  reactions  o£` this  bcmd to  teraper'atur`e, it  seems  to be
$1i8hely  1.elated  to  the  crystalline  parfes  of  tile  polgr.^irjr  since
it  allowed  slialit  decreases  in  absorbance  with  an  elevdtiorT.  of
'the  te¥,Iperature.
PolmroiDvlena  ¥±±gj;!g st Siffererfe  Densities
+
Figrires  21,  22,  a3,  and  24 give  the  plots  Of  the
absorbance  ratios  ror  the  812  en-t ,  843  cni-I,  Cjoz  cjii-\ and
loof  en-\  cibsorption bands  Versus  the  specific  volumes  Of
the  polyppopylene  films  of ver'ying  densities  pr'epared for
this  study.    The  d&i}&  froI`  these  plots  as'e  given  by  Tafo1`e  Hill.
Although in each plot there  is  some  scatter of experimental
points,  an inver'se rel&tionship  is found bstveen the  absor-
ba.nee  racios  and  specific volumes  in  which. the  absorban€e
ratio  appears to  deer'ease  line€±rly with  incne&sing  gpecifi€
volume.    S:inila±'  plots  using the  976  e"-\  bdind  &s  the  intemal
standerd gave  inca:`e&sed  scattering  of the  points  and.  hence,
they are  nct  in¢1udgd.    These  relationships  provide  a  measure
56
YABLE  XIII
RELATIoaes}ilp  usqimaiBRT  "ffi  ArisoRA«CE  RATms  AT
Slfu§£'''5€`nd3#&ccig`;:.vo¥L32tl££t+he#Pm{#gpEL;`















































1.06         1.08         1.10         1.12       1.14         1.16         1.18
Specific  volume  in  milliliter.s  per  gram
FIGURE     21
REI,AT±ONSHIP   BETWEEN   TRE   812   CM-I    ABSORJ3ANCE   RATIO











1.10         1.12
Specific  volume  in  milliliters  per  gram
FIGURE   22





1.06         1.08         1.10         1.12       1.14         1.16         1.18
Specific  volume  in  milliliters  per  gram
FIGURE   23    .
RELATIONSHIP   RETWEEN  .THE   902   CM -'  AJ3SORBANCE   RATIO
AND  spEclFlc  vol,urn  FOR  THE  POI,ypROpyLENE  FnDrs
0'50
1.06       1.08         1.10          1.12         1.14     .1.16         1.18
Specific  volume  in  milliliters  per  gram
FIGURE   24.                           `
RELATIONSHIP   BETWEEN   TrlE   i002   CM-'   AJ3SORJ3ANCE `RATlo
AND  spEclFlc  voLunG  FOR  THE  Pot,¥PRoPTLENE  FnMs
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of €ha  nystalllni€de©  Of €ha petrypronylone f±1ne.
1€  18  Of  ineer.Sgt  €o  mo`€®.  that  €ha  798  tan-I.  usiee&£
nanoxphaountt  lnfr,arsd hand ut]ich  ig  repoifeed try Pohory3kll
and Voltkenahain  {15}  &8  incma®1ng  ln  ineeaelty selth
deG"aftlng eyetrllinlqr unc nee detected in angr film used
in ehlB  3€utgr.    §iocecer,  all  ®r the  l®twr deasl€y  polygivtey-
1ane  f±lmB  pepaed  lm tELS  study veae  found t¢  coHt&fro a
erealf  infrared hand  &€  #S  cr.i-\  #zrd  fl  ®trrmg  *nfrarGd  hand
Qt  17sO  tF.1+  which  can nct  be-  ocxpl®¢©rty  ®xplafroed  a€  tthfu
Case,
C!irfuFTasp,   V
Sun#jb+an¥  AI§p  €o!ScLuSI8as3
I.      :3fJ,``,,t`ar-¥
Fllma  Of  steract`egular.  polyprmpFlen©  bulk  polym®ra,
Jsca#~113,  ifgcor!-125,  Pro-fax  6501.  and  solvem  3olubl©  and
fu3olubl©  tr&ctlon®  of €beae  thro®*  sere  pr®pr©& ualng
iffirioug  €ondltlons  far €]ng  pe3@ed  polynera,  polrrmr  farelts,
and  pioly¥:t"#  Solutlona.    Fnms of dlffer®ut  ifecknes$8g,
0.035  m#i  ce  C.1tJ5  grS:q[a  and  dlffert©nt  d®nB1€±g3  ®.€66  g/rmJ
to  a.935  g;/{±1,  ',.rore  ®b¢e±ined*
The  den$1tles  af the bul£±  polypRE1®ne  REples and
the  peepered  filffiS  sere  deSemalned by  ficife*1en  and  griadharfe
tube  ffieeenmen±raedia.    #`rmn  thas®  densl€1e3,  it  mac  p®aalbl®
So  eelcAilat®  the  apeclfic vai"+rj®8  and  er.ysealllnlt±®8  Of  the
praepr®d  filE3£®*
1ntrar©d  8ELS€tra,  tasr®  ob€alned  fog-  a  t]rplAutl  @€G*ce..
#©&ular  polypropylon®  film and  for filRE  enploy®d  ln ehidian®8s
sozr®l&tiess  iiajith  &bsorb&nco  ra€ice  using the  38ckman  H¥-7
gpectrophoterH®€i3z'.    Infrared  8pect"  e`coe  also  obt&1ned  with
a  heated  Cell  u8®d  ln &eae¢£fatleri  with the  in-?  ®pecerophe~
torueter for  a  polypepylene  filffi lm#€ed t® va.rlous  tfrtxpercL€`acs*
riftybe  inf¢m^#i€tozt  obt&ifi@d  frone  the€Q  Stud£S®  Thra&  then  appll®`d
co  che  indue;Lrsd  ap®€¢ra  abtelned  fco  €he  mepered p®lxpiaapgrlene
filrr,a ha`rin€  diffen®nt  tlerRE£*ies.    j'+bsorpeton ratlco  ron  the
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#1.a   c: {` ,   i:!£+3   atti-`  ,   cos  C:i:-` ,   ;:in.a  i.002   Crl -I  infr`1rsd  tinb8oxp-
t3won  b`inds  ``rith  the  I.170  erii-I   b`:md  used  as  an  lntemal  standard
`.€ro  ®8t&b].1attsd  and  used  in  plots  of tbece  r8tl®a  vet.Sue  €h®
speclflc  uc>1ur.es  Of  €he  .Tnepar`ed  fS,.?,i:S,  &3  a  meaouno  of the
crygtLill£nitl®®  of the  f1.I,ri.
11.       CO{`:C},USICh\!S
Crysballin©  §ensftlvo  flmd  r©l€i€ively  er3;rst€*lline
incon$1tive  intr€trcad  bar.d8  havc!  been  found  which+  fQmi  tile
ba81S  for',  at letist,  a  eeml-qunntltatlvo  nethod  for  aE!8®es-
lug:  tr.e  esngrat£`L111Itlcy  of  storcoregrilcir  pol}rpropFlene  by
infrared  Spectroscopy.
It  \ma  fufth¢.r concluded  thce €hls  Study that the ua®
Of the  1170  ca -I  1rLtrared band of polyprepylene  a8  an  lnbarrml
standard  and  th,S  §rib€r3celon  of background  cabsorfuances  from
both  the  crygt&1!.1ne  sfnBltive  bands.  absorbtince  and  the
in€emral  gtffindard.8  ab8orbtinc®  load to  Sh® b®St  con.elation
of  hatensley and  tryseal!.1nlty*  via  ap®carlc  irelur.es.
in eddielon,  1C  see  concluded that  prGvloua  lrfeoxpae-
t{]blong  Chat  eel.e'  given  to  the  1159  ca-I   and  790  tin-`  bands
&rs  €uncona±g€en¢  rd€h  the  chsez.vacione  tron €hi3  set]dy.
bldl,IOGR^tipIIY
Abe,L  K.  and  Yanagisawa,  j[.,  i.   PQ15n:±aer__  ££i.*  3£,   536(1959,)i.
Brader,   a.~.  d.  £|Ep|.  £9±±Hi±e±  £ifi.`,  3.  3`79(1960}.
Fort.  ¥.i7St±gHfi£T:  J..  and  thrirmi  a..  a.  ££13ffiESH ££±*i  &L*
Fraser£::::.fifg';3!::#|fg;I:::::!:g#g3:ii!3;gi:i:1;£T'
5.     Grar`iberg.  G.,  Kolloid-Z.,  |Z£,119{1961}.
6.     !}einen.  '`'j'..   i.   E_Q|±a?1_e_I_  8fi.,  3£,   515(1959}.
7.     161ang,  C.  and  Pearson,  F.,  i.  i:is1.  £E2sffa.,  i,   290{].960}.
S.    Iiuongo,  a.,  a.  432pl.  PLOJLgrT= fifi.,  2,  302(1960}.
9.     T{attci,  a.,  a.  ±a±sH:isr a£±„  la,143(1g55}.
1o.    ::atta.gfaal;£g.c£:aSS¥±$5gi :  a±±i A££.  ::aa.  a±aea±,
11.    £\!atta.4oGi[%rfed,?om'adini.  P..  Srmpl.  £Iiaa3En fiiHngife,  lE,
[2.   i;atta.ife:  Cffi:S±:ida:.i[i¥$5?i:aria  ;'J9 RE.  ife.
13.    i?atta.£;.6%gT¥S§?i.F.i  and  :oraglio®  G`  4±ngslif.  £naEa.,
14.    i?abta,{#;i.P±g:*L;%3?:a  lrAa&Zantii  a.S  H.a.  £a±s]a± anafgL
15.    Potrovg:;:a,&ii.&¥&.¥o±±::n§13£i±S$7i)i:.  ±2£i£LaasE fl!Sfin.
16.   Qnynn.ife.RE.al:r£: ¥68tfgg9£}J:etheri  rl.I i.
17.  '  Scha®11,   G..  iEE£:sE.   jiiaEa!di.  !iafii]:Er.,  31#   270(1959}.
65
1€`3.    Itr!do:€Og::  hit:hiEffi`..'€ial: Sdife!,urife ££69iE$6i#afuh`T] Sifei.
i9*     T'obrfu.  `{`„   £.   jlEi:iafsi.  £Eiaai:i±..   fa,   216{1960}.
20.    abinde¥€a`3;t?ill:nI3::a, :§¥,eS8¥f£:¢S8¥  Srg#!A¥¥gg8?ymsr`q S "
EN  givrm¥arlth¥£en  Br  munnAR&n  serscTaeseQp¥
OF  "zE  en¥evth=Az!RE  iBrmEH  n¥
S"REaHB€onrfuR  ven¥rmce¥Iese!m
E
ffirfu  nrm  ldoca,  Jr.
ThiB  puxpcody  nf thla  3Sufty  tifl=e  to  FP€panQ  ttlmap  ®f
polsrgrftylene p®1ysr aeprkae"€£ng a ulds deslty rng©,  to
hairegivlgate €ha  inhaned  ®pettnm Of pctrmcopgiv®ne  ft8 a
funceleri  Of t¢xpenatuma*  mad ca  derfues  a  tBB€frod  flan  ¢erme-
hating the  i3petlfi€ velun©g  af pchrmxppleRE films with
€be  lutenaife±ee  af  eedeadm  tryffi&allins  sensi*1ve  &bceapGlca
hands frountl  in eha  lnharod ap¢ctzia  Of &be  fiLue,
P®tryrmFlepe #11ma rmus  grapaned using sefioua
ape+aelng.  ael€1ng*  and dies¢lutlon pcoeschm®S.    ¥h® danl-
*19d  af the  f±lme  esre €hrm es&camed using  flocatlm and
gmdlene ¢ul® ueeheda.
infrared ap®ctra  iisore drcafned fee a typlesl
3terscoeRgut.ar pelypaegiv®ne  fihi anal for fllHfty ucod  th
thlelanes8-abgohaes rmt&o  come&fl$1aue using the  rm-?
BpeftyQphafa¢aeSor*    "traned epectm  esma  atae ob€ained  rd€h
a  lrsated  eell  teed  an aseaeiaeien wi=th the  apectziiophrfeomrfeev
fen a  palFqupgrlene  flbe heated €o verioua fe®xpieracare®.
¥be  lnfranad lnformtiien.  thi±a dbt&frod.  .mg appllad ta
frofrBmed  ®pettrm  dbeafmed  fen €ha pr®pased potrypftylene
#
rllm  Of  diff®mlem  demed€1©3.    j`1bearfeanca  mtio®  fee.  the
enf  ca±-I    ,  8&3  ca-` .  9ca  erLi-` ,  and  "cof  cgri .-I   infaan!::*d
&beexp¢ien bands using the  llro  ca -I hand as an lnsernal
ctandard  inesre  coFT®l&ted tri€h €ha  ap®clfl€  veltmes  ¢f thidi
ffing,
The  seufty pmethded the  fdrlewimg  conclusloee&
i.    tryatallsne eenaifelme and mlatlvely Grty3tslllae
lmaensaclve  infrared bands  have beeri  found  tchlch farmi €h®
baiiale  fror.  &t  leerfe*  a  aan±quadeles$1ve  rmthed  ragr acsoaefng
cia  erys¢zRllin±ty af ate*eomag&ilar pol]rFmpflrl®rm ty  lnfaaaedgpo-i
2.    utcai use  at Sbe  llpe  t"-\  frotraned band Of pel¥*
pesp§rl®rs  ae &n tht©rml  deandand and tire  enittrscelan  Of
bact=greund &bendeunes@ from hash the  ey8tftlllae  sen#1tlve
bandpt  ftbgqrfuanes  and the  insem&l  rfeandftmdl@  tlbsord&nce
lcati Co the bout  ¢crmB1&S&nm Of ifeseity and  ¢rya8allinlty,
uta apeslfl€ velunes!
3.     ft  &g  cam¢lut®d  Chat  prmrwicnrs  ineexpmlestrtlerLa
g±iinca:i to  *hiE!  1159  en+  and  rm  en -`  band@  are  inconatstede
rd€h fake  chaegrvetlarig frou this  aeuty.
